Introduction {#S0001}
============

Gene dysfunction is the most important reason of the genetic diseases. Dysfunctions may happen due to the inhibitory and/or environmental risk factors eg magnetic force, electrical force and air, water or food pollution.[@CIT0001] The broken gene with modified composition (mutated DNA), could transfer between generations and cause genetic diseases like cancers. Mutations in genes that control cell differentiation, proliferation and cellular homeostasis cause cancer.[@CIT0002] Oncogenes and tumor suppressor genes are two categories of these genes and tumorigenesis is the consequence of oncogenes' overexpression and tumor suppressors' loss. Therefore, targeting oncogenes and tumor suppressors is one of the effective methods in the treatment of cancers.[@CIT0003] The use of gold in cancer therapy sciences is to ruin the cancerous cells, so transfecting the targeted genes into cells in the form of RNA or DNA is responsive.[@CIT0004] The most important tumor suppressor gene is *p53*, which is known as the guardian of the cells. Dysfunction of *p53* cause unregulated cell division and forms tumor cell mass. Hence, transfecting this gene into the cells can promote the apoptosis process and reduce the tumor.[@CIT0005] Alternatively, transfecting genes into the cells needs a delivery system, that could protect the gene from the nuclease enzymes that exist in the cytoplasm.[@CIT0006] An efficient delivery system should be able to carry a large amount of therapeutic agent, pass through the cell membrane easily, protect the agent from cytoplasmic enzymes, and finally throw that into nucleus baskets.[@CIT0007] Lipids are the pioneer natural compounds in drug delivery, the commercial form of which are presented as Lipofectamine™. Polysaccharides like chitosan, starch and cyclodextrin are used too much because of their low price and easy access.[@CIT0008] Metal core and graphene sheets are also going to be used more as targeting agents because of their capacity to load the drug and their potential in response to the external force.[@CIT0006] They could also release the therapeutic agents in the targeted site. Recently we developed a pullulan/spermine/magnetic iron oleate dual-functioned composite for high-efficiency gene delivery compared to Lipofectamine™ reagent. It exhibited about 90% of transfection efficiency with enhanced green fluorescent protein (EGFP) in U87 cells.[@CIT0003] In another study chitosan nanoparticles were used as the carrier compared to electroporation and Lipofectamine™. It was indicated that chitosan nanoparticles could transfect more than 90% into U87 cells.[@CIT0007] In this study, due to the high shipping capacity of the graphene oxide sheets, they were used to deliver the *TP53* gene into the breast cancer cell lines. To reach this goal, graphene oxide sheets were grafted by spermine to increase the amine (NH^2+^) groups. Amine groups act as reagent groups to bond with double-stranded DNA (dsDNA) as therapeutic agents. Therapeutic agent includes two indicators (EGFP) and reporter (neuR) and therapeutic gene (*TP53*). Then the ability of the new structure on the cell lines was evaluated by using fluorescent microscopy and real-time PCR technique.

Materials and Methods {#S0002}
=====================

3-aminopropyltriethoxysilane (APTES) was purchased from Sigma-Aldrich Co. (St Louis, MO, USA). DMEM, PBS, penicillin/streptomycin, and trypsin were purchased from Gibco (Thermo Fisher Scientific, Waltham, MA, USA). FBS was obtained from Hangzhou Sijiqing Biological Engineering Materials Co., Ltd (Hangzhou, China). Thiazolyl blue tetrazolium bromide (MTT) cell viability dye and dimethyl sulfoxide (DMSO) were purchased from Sigma-Aldrich. ApoflowEXFITC^®^ kit was purchased from Miltenyi Biotec. RNX-Plus^®^ reagent, Easy™ cDNA synthesis kit and SinaSYBER blue reaction mix without lowROX were obtained from Cinnagen (Tehran, Iran) and Parstous and SinaClon, respectively. Lipofectamine™ 2000 reagent was purchased from Invitrogen Corporation (Thermo Fisher Scientific, Waltham, MA, USA). All materials used in this study were of an analytical grade. The construction of the pEGFP-*p53* vector (5.89 kb) coding for the EGFP, which contained the tumor protein *p53* gene, was undertaken based on methods described earlier.[@CIT0006] Human breast cancer cell lines MCF-7 and BT-20 were purchased from the Pasteur Institution, Tehran, Iran.

GO-APTES Sheets Synthesis {#S0002-S2001}
-------------------------

Graphene oxide was donated from a previous study.[@CIT0009] GOA was prepared as described previously with a little modification.[@CIT0010] Briefly, 2 g of GO was dispersed in 50 mL of ethanol along with 3 g APTES and 2 g potassium hydrogen carbonate as nucleophile and catalyst agent, respectively in a round-bottom flask and then refluxed for 8 h while magnetic stirring. The reaction was then cooled and filtrated under vacuum. Obtained GOA product was washed with distilled water and ethanol to remove the catalyst and excess APTES. In the next step, GOA was dried at 55°C in a vacuum oven, and ground into powder for later experiments ([Figure 1](#F0001){ref-type="fig"}).Figure 1Schematic representation of step-by-step formulation of APTES-graphene oxide composite.

Amino-Functionalized of APTES-GO Sheets {#S0002-S2002}
---------------------------------------

For preparation of GOAS (graphene oxide-APTES-spermine), 30 mg of GOA along with 10 mL DMF as a solvent was added to a two-neck round-bottom flask supported with dropping funnel under inert atmosphere. Afterward 435 mg of dissolved spermine in 5 mL DMF was added to reaction mixture by means of dropping funnel drop-wise and then the mixture was stirred for 24 h at 70°C. The final product was filtered and washed with ethanol several times and dried under vacuum ([Figure 1](#F0001){ref-type="fig"}).

Loading of pEFGP-p53 on GOAS Sheets {#S0002-S2003}
-----------------------------------

EFGP-p53 plasmid (5%; w/w) was added to the GOAS drop-wise and incubated at room temperature for 50 min and then was stored in the refrigerator (4 °C).

Physical Characterization of Nanoparticles {#S0002-S2004}
------------------------------------------

FT-IR spectra of GO, APTES, SP, GOA, and GOAS were recorded as KBr discs in the 500--3500 cm^−1^ range on Bruker Optics\' RockSolid™ design. The powder sample and KBr must be ground to reduce the particle size of less than 5 mm in diameter because the large particles scatter the infrared beam and cause a slope baseline of the spectrum. Parameters such as size of particles and zeta potential were measured using a kinetic nanoparticle size analyzer VASCO KIN™ (Cordouan Technologies, Pessac, France). The surface and cross sectional morphology of the GOAS (sonicated) were analyzed using field emission scanning electron microscopy (FE-SEM, MIRA 3 XM, Tescan USA Inc.) after sputter coating with gold for five minutes. All samples were examined at an acceleration voltage of 15 kV. The shape and surface topology was characterized using atomic force microscope (AFM) (Bio7-AFM, Arapajohesh, Iran) instrument. Briefly, 500 µL of each sample was placed on freshly cleaved mica sheet and incubated at room temperature till dried. The section analysis and the peak height of particles for 3D images were analyzed using Imager Ara Analysis software. The content of GO in the GOAS was determined by using a BAHR STA 503 thermoanlyzer. Samples of GOAS nanoparticles weighing between 5 and 15 mg were heated in air from 10 to 800°C at a heating rate of 10°C/min.

Gel Retardation Assay {#S0002-S2005}
---------------------

The bonding of plasmids to complexes was studied by agarose gel electrophoresis run for 30 min at 100 V (Sub-Cell GT 96/192, Bio-Rad Laboratories Inc., (Hercules, CA, USA), followed by DNA green viewer staining (Parstous). GOAS/pEGFP-p53 (5 mg) was prepared in 1 mL of 10 mM PBS solution and incubated for 15 min, then the complexes (1 µL) were mixed with loading buffer (0.1% sodium dodecyl sulfate, 5% glycerol, and 0.005% bromophenol blue) and run on an agarose gel (2%). The gel was imaged with Kodak Image Station.

Nuclease Resistance Assay {#S0002-S2006}
-------------------------

To investigate the ability of the copolymer to protect DNA from enzymatic degradation, 3 µL of GOAS/pEGFP-p53 (containing 0.75 µg plasmids) and pEGFP-p53 (control) were combined with DNase I (2 U) in 4 µL 50 mM Tris--HCl at pH 7.4, separately. After incubation for 1 h at 37°C, samples were run on an agarose gel and visualized using a UV image capture system. Naked plasmid (pEGFP-p53) was served as a positive control.

Determination of Release Profile {#S0002-S2007}
--------------------------------

To quantify the DNA release from the nanostructured systems, 2 mL of GOAS/pEGFP-p53 (2 mg/mL) were incubated in PBS (pH 7.4, 37°C) with gentle magnetic stirring for 72 h. Samples were centrifuged (16,000 g; 10 min) and the supernatant was removed and replaced with 2 mL of fresh PBS, divided into five tubes and incubated at room temperature (initial concentration of DNA for each time point was 20 µg). At fixed time points (5, 9, 18, 23, 30 days); supernatant was collected and quantified by NanoDrop™ 2000 Spectrophotometer. Furthermore, the released DNA from the samples was assessed by running on the gel and compared with control (pure pEGFP-p53). All measurements were carried out in triplicate.

Cell Culture and Cytotoxicity Assay {#S0002-S2008}
-----------------------------------

MCF-7 and BT-20 cells were cultured in DMEM-F12 supplemented with 10% FBS and were maintained in a humidified incubator with 5% CO~2~ at 37°C. Cytotoxicity of GOAS and GOAS/pEFGP-p53 complexes was assessed by MTT assay according to the manufacturer's protocol. Cells were collected and seeded in 96-well plates with a density of 1×10^4^ cells/well and incubated for 24 h. 20 µL of different concentrations (0.001, 0.01, 0.1, 1, 10, 100 and 1000 ppm) of GOAS and GOAS/pEFGP-p53 complexes were mixed with 80 µL serum-free media and kept at room temperature for 20 min. After that, the whole 100 µL of GOAS and GOAS/pEFGP-p53 complexes were transferred into each well containing cells and incubated for four hours. Then, serum-free media were replaced by fresh media containing 10% FBS and the infected cells were incubated for more 24 h. Next day, 10 µL of MTT solution was added into each well and incubated for four hours, and 100 µL of DMSO was added into each well afterward. The absorbance was read at 570--630 nm by immune absorbent assay (ELISA) (multi-mode reader, Synergy II, Bio-tek Instruments, Winooski, VT, USA).

Transfection Methods {#S0002-S2009}
--------------------

GOAS-pEFGP-p53 complexes were mixed with 80 µL serum-free media and kept at room temperature for 20 min. Then 200 µL of transfection complex was added to each well and mixed gently by rocking the plate back and forth. The inoculated cells were incubated for 24--72 h at 37°C; 5% CO~2~ and the serum-free media were replaced with complete medium the next day. Lipofectamine™ was used as standard reagent for common delivery systems to check the plasmid DNA and experimental conditions.

Fluorometric Detection of Cellular EGFP {#S0002-S2010}
---------------------------------------

Transfected cells were maintained on an Olympus (TH 1400) inverted, phase-contrast fluorescent microscope up to 72 h before examination for EGFP expression. Images were recorded using attached digital imaging system.

Real Time PCR and Gene Expression {#S0002-S2011}
---------------------------------

Six days after transfection, cells were lysed by adding 1 mL of RNX-Plus^®^ reagent following the manufacturer's instructions. Proteins removed by chloroform extraction to obtain an A 260/280 ratio of 1.81±0.06. cDNA synthesis (approximately 1 µg) from total mRNA was carried out using a reverse transcriptase kit (Easy™ cDNA Synthesis Kit; Parstous). RT-qPCR was performed using the SinaSYBER blue reaction mix without lowROX (SinaClon) in a Rotor-Gene real time PCR system, using 1 μL of each cDNA sample and 10 µM of each primer. The reaction was run as follows: 95°C for seven minutes min, followed by 40 cycles of 95°C for 15 s, 65°C for 20 s, and 72°C for 35 s. In order to check the appearance of the PCR product, samples were run on gel electrophorese. The CT (threshold cycle) values were analyzed using 2^−∆∆CT^ methods.[@CIT0011] The fold change in gene expression was normalized to endogenous reference genes (*GAPDH* and *β-actin*) and expressed relative to the untreated control. Norm finder software was used to evaluate expression stability of the candidate reference genes.

Apoptosis Assay {#S0002-S2012}
---------------

Cell apoptosis was assessed by flow cytometry using the ApoflowEXFITC^®^ kit, following the manufacturer's instructions. Cells were suspended in 50 μL of binding buffer (10 mM Hepes, pH 7.4, 140 mM NaCl, 2.5 mM CaCl, 0.1% BSA), and 2.5 μL Annexin V-FITC (Miltenyi Biotec) and incubated for 15 min in the darkness. Then 430 μL of binding buffer and 1 μg/mL propidium iodide (PI) were added to the cells. Finally, the flow cytometric analysis was carried out using a FACS Calibur device (LSR II; BD Biosciences, San Jose, CA, USA) and the results were evaluated by WinMDI software (Treestar). The PI^+^ cells were gated out first, while the remaining cells were assessed to determine the frequency of Annexin V^+^ cells.

Statistics Analysis {#S0002-S2013}
-------------------

Statistical comparison between treatment groups at different concentrations were investigated using one-way ANOVA by SPSS software 15 for windows (SPSS Inc., Chicago, IL, USA) (*p* ≤0.05).

Results {#S0003}
=======

Physical Characterization of Nano Sheets {#S0003-S2001}
----------------------------------------

The hydroxyl groups of GO structure are indistinguishable because of the large quantities of functional groups bearing OH on the surface of the sheets. The FT-IR spectrum of GO gives the possible functionalities: OH, carboxylic acid, OH alcoholic, C=O, and C-O etheric, the peaks appeared at higher than 3000 as broad peaks, 1720, and 1060 cm^−1^, respectively. The reference spectrum was obtained for pure APTES, with the evidence of Si--O--Si, SP^3^ CH and NH~2~ bonds ([Figure 2](#F0002){ref-type="fig"}). FT-IR spectrum of the GOA indicated that the asymmetric and symmetric stretching vibrations of CH~2~ of APTES on GO substrate appeared at 2934 and 2856 cm^−1^. The reference peak of spermine revealed NH~2~ above 3000 cm^−1^ and bending CH groups at 1500 cm^−1^ in FT-IR. The FT-IR spectrum of GOAS revealed the bands at 1651, 2934, and 3388 cm^−1^ that are characteristic peaks of carbonyl of carboxylic acid, CH of alkane chains and amine groups, respectively ([Figure 2](#F0002){ref-type="fig"}). GOAS particles were recorded by dynamic light scattering showed different measurement of 32--56 nm at room temperature ([Figure 3A](#F0003){ref-type="fig"}). Flocculation stability behavior of the GOAS solution was predicted due to zeta potential of less than ±5 ([Figure 3B](#F0003){ref-type="fig"}). PDI obtained from the distribution profile is 0.55 which indicates GOAS are monodisperse. SEM analysis of GOA functioned by spermine showed that the nanoparticles of the APTES grafted graphene oxide were dispersed in the spermine matrix as well with no aggregation. Layer-sheet structure of GO was clear in the SEM micrograph ([Figure 4](#F0004){ref-type="fig"}). The morphology and the height profiles of GOAS in the AFM images indicated dispersed structures with some aggregation (Figure 5A and B). Analysis of the height profiles from the dispersed GOAS structures revealed a thickness of 1.25±0.87 nm. STA analysis of the GOAS was done by heating the samples at a constant rate of 10°C min^−1^ from 0 to 800°C under N~2~ flow. GOAS was started to decompose from 400°C and was very unstable during the heating process ([Figure 6A](#F0006){ref-type="fig"}). TG graph shows an increase from 20°C, which may be the consequence of oxidation of GOAS. The first weight loss up to 200°C, was due to the evaporation of absorbed water, carbon dioxide and other products, the second weight loss observed in the range of 200--550°C and was assigned to the decomposition of labile oxygen-containing functional groups, and the third weight loss above 550°C, was attributed to the removal of more stable oxygen functionalities (such as alcohol, carboxylic acids), which usually decompose at higher temperatures ([Figure 6B](#F0006){ref-type="fig"}).Figure 2FTIR spectra analysis of GO, APTES and GOA, Spermine and functioning of GO-APTES by Spermine.Figure 3Particle size distribution and zeta potential of GOAS nanoparticles. (**A**) Size distribution of GOAS nanoparticles with mean diameter of 44 nm, (**B**) Zeta potential of less than ±5 showed the flocculation stability behavior of the GOAS solution.Figure 4SEM micrographs of the synthesized particles of GOAS showed the separated sheets.Figure 5AFM micrograph of GOAS. (**A**) 3D topography AFM images of nanoparticles; Scale bar, 1 µm, (**B**) Section analysis of the height profiles of nanoparticles in the 2D AFM images.Figure 6STA analysis of the synthesized particles of GOAS. (a) DTA analysis, (b) TG analysis.

Gel Retardation Assay and Nuclease Resistance Study {#S0003-S2002}
---------------------------------------------------

The data of gel retardation assay showed that the whole plasmids were bounded on or into the GOAS sheets according to no bands remaining on the gel ([Figure 7A](#F0007){ref-type="fig"}, lane c). DNase enzyme was added to GOAS/pEGFP-p53 complex in order to examine the ability of the GOAS carrier to protect the loading DNA. Electrophoresis had no smear bands on the gel ([Figure 7A](#F0007){ref-type="fig"}, lane d).Figure 7Gel retardation assay, nuclease resistance study and release profile of EGFP-p53 plasmid encapsulated in GOAS. (**A**) EGFP-p53 plasmid as negative control (lane a), DNA marker (lane b), GOAS-pEGFP-p53 (lane c), DNase I digested GOAS-pEGFP-p53 (lane d) and DNase I digested pEGFP-p53 plasmid as positive control (lane e), (**B**) Release profile of EGFP-p53 plasmid.

Determination of Release Profile {#S0003-S2003}
--------------------------------

Concentration of the released DNA from GOAS-pEFGP-p53 complex was measured during one month and the results showed that new construction could act as a slow release structure. The initial release within the first five days was 12.4% and was on the rise during days 9, 18, and 23 (34.8, 53.6 and 68.6%, respectively) and continued to increase until day 30 (85.2%) cumulatively ([Figure 7B](#F0007){ref-type="fig"}). The DNA integrity test at fixed time points was assessed by agarose gel electrophoresis. The results revealed that there were no differences between plasmid DNA expression of the released DNA and the controlled plasmid DNA, which indicated that the DNA adsorption and release from the complex do not alter the functionality of the plasmid.

Transfection Efficiency and Gene Expression {#S0003-S2004}
-------------------------------------------

Transfection process was validated briefly by observing transfected cells by GOAS-pEFGP-p53 complexes ([Figure 8A](#F0008){ref-type="fig"}) under a fluorescent microscope. Ninety percent of the cells showed florescence after 72 h of incubation ([Figure 8B](#F0008){ref-type="fig"}). BT cell line feature an increase of expression of *TP53* (51 folds), whereas MCF-7 cell line showed an unchanged level of mRNA copies of *TP53* compared to *β-actin* as references gene ([Figure 8C](#F0008){ref-type="fig"}).Figure 8Schematic picture of GOAS-pEGFP-p53, micrograph of florescence cells and gene expression results were presented. (**A**) Schematic picture of GOAS-pEGFP-p53, (**B**) BT cells transfected by GOAS-pEGFP-p53, (**C**) Gene expression results of the *TP53* gene in MCF-7 and BT cell lines. Data are shown as mean ±SD; Scale bar: 200 nm.

Apoptosis Assay of Nanospheres {#S0003-S2005}
------------------------------

Flow cytometry analysis results showed that almost 30% of the cells were dead through apoptosis comparing to the control cells at an LD~50~ concentration during 72 h incubation ([Figure 9](#F0009){ref-type="fig"}).Figure 9Apoptosis analysis of the transfected cells by LD~50~ dose of the GOAS-pEGFP-p53 on cells compare to control. (**A**) Control. (**B**) Treated cells.

Discussion {#S0004}
==========

A new drug delivery system called GOAS was prepared in this study in two steps. In the first step, GOA was obtained via nucleophilic attack of APTES nitrogen to epoxy group on the basal plane of the GO in the presence of basic media in EtOH. Carboxylic acid is less active than acidic condition in the basic media and this may cause amide formation, which is less likely to happen than ring opening in this condition. FT-IR spectrum of GOA showed the functional groups of N-C (1388 cm^−1^), C-Si (774 cm^−1^), Si-O (1078 cm^−1^), C-O (1103 cm^−1^), OH (up to 3000 cm^−1^), and SP^3^ CH (2934 cm^−1^) that corresponded to this intermediate.[@CIT0012] In the next step, GOA sheets were grafted to spermine in DMF as solvent, at 70°C to achieve the GO-supported-APTES-spermine that known as GOAS. The comparison of FT-IR spectra of GOA, spermine, and GOAS proved the reaction of spermine with GOA according to 3388 cm^−1^ peak that was attributed to amine group. Due to the amine groups on the surface of the GOAS, a high amount of DNA could attach to the GOAS and transfer into the cells. This new system was able to protect the gene from nuclease enzymes and had a high expression level of *TP53* because of its grabbing properties. The GOAS/DNA interaction via hydrogen bonds and electrostatic interactions was enhanced by the creation of the functional groups on the GO.[@CIT0013] Therefore, all of the functional groups were confirmed through FT-IR analysis. DLS and zeta potential results confirmed that the synthesized GOAS particles were too small in size (60 nm) with flocculation stability behavior. According to the previous studies the size of particles plays a key role on their ability to deliver drugs into cells.[@CIT0014] As it is known, the immune cells remove large objects (\<300 nm) from the bloodstream.[@CIT0015] Thus, cell transfection could occur on a large scale by using GOAS nanoparticles. Morphological and topological structures of the new synthesized delivery system were evaluated by using SEM and AFM. SEM images confirmed that the GO sheets were firmly suspended and did not bend. Our results were similar to what was described by others.[@CIT0016] Dispersed sheets of the GOAS confirmed the synthesis procedure. AFM micrograph emphasizes the fine topology of the synthesized sheets and 3D topography showed different phases with different colors that means GOA were grafted to spermine as well.[@CIT0017] Simultaneous thermal analysis approved that the newly synthesized sheets were unstable during the heating process because of different functionalities. This instability may be due to the more uniform population of oxygen functionalities on the graphene oxide surface and a higher concentration of carboxylic acid functionalities.[@CIT0018] Biophysical characteristics of the GOAS-pEGFP-*p53* that were evaluated by gel retardation, nuclease resistance and in vitro release confirmed that GOAS has the ability to protect DNA from nuclease enzymes and also has more capacity to carry DNA as a therapeutic agent.[@CIT0019] The absence of smear in lane c ([Figure 7A](#F0007){ref-type="fig"}), leads to the hypothesis that there are strong electrostatic interactions between GOAS and DNA, at least under these experimental conditions. Lane d in agarose gel electrophoresis and no migration of free DNA indicating that most of the DNA was captured by the nanoparticles because of the high affinity of spermine to the DNA.[@CIT0020] Indeed, it is known that a strong electrostatic interaction exists between the phosphate groups of DNA and the amino groups of spermine, as well as hydrophobic and hydrogen bonds.[@CIT0021] Nanoparticles stability and nucleic acid protection are important parameters for efficient nucleic acid delivery.[@CIT0022] Release profiles of nanoparticles made with GOAS-pEGFP-p53 incubated in PBS showed that these structures were able to release DNA constantly over 30 days. Evaluating the ability of the GOAS-pEGFP-p53 system to transfect into animal cells using fluorescent technique, gene expression and flow cytometry analysis revealed that more than 90% of the cells were fluorescence, which means the reporter gene could act as well. The therapeutic gene (*TP53*) also showed an increased expression compared to *β-actin* as references gene in BT cells. Graphene oxide nano carriers that were used to internalizes into HeLa cells showed more than 70% fluorescence.[@CIT0023] In another study, graphene oxide functionalized with polyethyleneimine (PEI-GO) was indicated as an effectively delivery plasmid DNA into cells that be localized in the nucleus.[@CIT0024] Graphene oxide nanocarriers was designed by modification of a folic acid and β-cyclodextrin to improve its specialty characteristics to uptake into cells.[@CIT0025] Also in a study, the delivery of doxorubicin and D-α-Tocopherol succinate by PEGylated graphene oxide to cancer cells induced a stronger therapeutic effect than that attained with the free drug combination.[@CIT0026] The expression level of the *TP53* in MCF-7 cell line was less than BT cells, which may be because of some inhibitors that may exist inside the MCF-7 cells that inhibit the *TP53* expression.[@CIT0027] Flow cytometry assay showed an apoptosis in the cells that confirm the new synthesized delivery system was able to transfer the therapeutic agent into the cells in a healthy way and large amount.

Conclusion {#S0005}
==========

In this study, a new drug delivery system was synthesized during two steps containing silanization and amination of GO with APTES and spermine, respectively. According to the results, it could be concluded that the new synthesized delivery system was able to transfer a large amount of the therapeutic agent into the cells properly. Thereafter, it could be used as a new promising delivery system to transfer genes or drugs into targeted cells, especially cancer cells. The new delivery system indicated that it could transfect into cells easily because it is well structured and small in size.
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